Objective: Recent reports have suggested that long-term residual brain dysfunctions from mild traumatic brain injury (MTBI) that are often overlooked by clinical criteria may be detected using advanced research methods. The aim of the present study was to examine the feasibility of EEG wavelet information quality measures (EEG-IQ) in monitoring alterations of brain functions as well as to determine the differential rate of recovery between the first and second concussive episodes. Methods: Student-athletes at high risk for MTBI (n = 265) were tested prior to concussive episodes as a baseline. From this subject pool, twenty one athletes who suffered from two concussive episodes within one athletic season and were tested on days 7, 14 and 21 post-first and second injuries using a withinsubjects design. Specifically, EEG was recorded and processed using wavelet entropy (EEG-IQ) algorithm along with a battery of neuropsychological (NS) tests. Spatial distribution of EEG-IQ and its dynamics in conjunction with NS data were analyzed prior to and after MTBI. Results: No neuropsychological deficits were present in concussed subjects beyond 7 days post-injury after first and second concussions. However, EEG-IQ measures were significantly reduced primarily at temporal, parietal and the occipital regions (ROIs) after first and especially after second MTBI (p < 0.01) beyond 7 days post-injury. Rate of recovery of EEG-IQ measures was significantly slower after second MTBI compared to those after the first concussion (p < 0.01). Conclusions: EEG-IQ measures may reveal alterations in the brain of concussed individuals that are most often overlooked by current assessment tools. In this regard, EEG-IQ may potentially be a valuable tool for assessing and monitoring residual brain dysfunction in ''asymptomatic" MTBI subjects.
Introduction
Mild traumatic brain injury (MTBI), commonly known as a ''concussion" is still one of the least understood athletic injuries. One of the main issues with respect to concussions is that with the exception of the unconscious individual or someone who is severely disoriented, it is often very difficult to identify who has sustained a concussion and who has not (Cantu, 2006) . Attempts to classify concussion as a traumatic event based upon clinical symptoms at the site of injury may be erroneous. Advanced research methods may detect both behavioral (e.g., abnormal balance see: Cavanaugh et al., 2005a,b; 2006; Slobounov et al., 2007; 2008) and neural (e.g., abnormal EEG/MRS records, Thatcher et al., 1989; Slobounov et al., 2002; 2006a,b,c; Bluml and Brooks, 2006) residual deficits far beyond the early post-injury10 days period.
Recently, entropy or information based analyses of EEG signal have been introduced (Rosso et al., 2001; Shin et al., 2006) . Assuming that the entropy is an approximate measure of the signal or neuron activity complexity (Pincus, 1991) , it has been suggested that a larger information content of the brain oscillatory processes may be associated with better neurological brain status (Shin et al., 2006) . Specifically, Rosso et al. (2001) proposed that wavelet entropy can be used for detecting functional abnormalities in the brain based on an analysis of short duration brain electrical signals. It has also been reported that the rate of change of wavelet entropy may be used to monitor global brain ischemia (Al-Nashash and Thakor, 2005; Al-Nashash et al., 2003) . It was shown that wavelet entropy tends to drop rapidly during the ischemic stage of injury and increase during the recovery stage and, therefore, may provide advanced diagnostic instrumentation for brain injuries (Thakor and
